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Marine ecosystems are vital to the earth's life support system, providing natural 
resources to support human survival and development, and making significant 
contribution to the economic prosperity and improvement of living quality. However, 
marine environment and ecosystems are confronted with growing pressures resulting 
from accelerated marine development, conflicts of ocean uses, and decreasing marine 
environmental quality. Establishing the marine ecological damage compensation 
mechanism is one of the effective approaches to solve the conflicts of marine resource 
utilization, to protect the marine environment, and to ensure the sustainable 
development of marine and coastal economy. Thus, it is essential to develop the 
theory and methods of marine ecological damage compensation. Most existing studies 
of ecological compensation have focused on terrestrial ecosystems, and relatively few 
in the marine context, even less are the studies of ecological damages related to 
coastal development and ocean use activities that are considered regular or routine. 
Focusing on the marine ecosystems, this dissertation develops a systematic study on 
the theory and methods of ecological damage compensation, establishes the standards 
for eco-compensation, and illustrates the approach through case studies. The study is 
designed to meet the urgent need to improve marine environmental management in 
China.   
The study is interdisciplinary and draws upon the relevant theories and methods 
in oceanography, environmental science, ecology, economics, law and sociology. The 
research process includes literature review, data collection, theoretical analysis, model 
construction and field investigation. The thesis describes the concepts and theoretical 
connotation of marine ecological damage compensation, presents an estimation 
framework, and applies the framework method to two cases in Hainan Island. The 
achievements of the research are as following: 
(1) Summarizing results in the literature on ecological compensation and marine 
















content, scope and characteristics of marine ecological damage and compensation, 
and analyses the economic and legal implication as well as legal difference between 
compensation and indemnification, and categorizes the ecological damages based on 
the relationship between the behavior and responsibility. Furthermore, it is proposed 
that the framework based on value estimation can be applied to the ecological 
compensation of small-scale marine ecological damages. In contrast, the framework 
based on the cost of restoration should be used for large-scale marine ecological 
damages. 
(2) This thesis has established the framework based on the value estimation for 
ecological damage assessment. With a detailed review of the current literature, it has 
explored the approach for sea area division, and established the identification and 
classification systems for the marine ecosystem services. With a systematic summary 
of the methods for ecosystem service valuation, this thesis has also established a 
model framework for the estimation of marine ecosystem service values. Through 
model comparison and field investigation, it has been suggested that the approach 
involving expert interviews and questionnaires is appropriate for the determination of 
ecological damage severity. Finally, the model framework is used to calculate the 
marine ecological damage compensation (MEDC) standards.  
(3) With a comprehensive review of academic research and practical applications 
in different counties, especially the rules of natural resource damage assessment in the 
USA, the thesis has established the framework for ecological damage assessment 
based on restoration costs, including pre-assessment, judgment of causality, injury 
quantification, selection and implementation of restoration. The MEDC standards can 
be determined according to the costs of primary and compensatory restoration and a 
reasonable cost of assessment.  
(4) The framework for ecological damage assessment based on value estimation 
is applied in the case study of Hainan Island. According to the environmental profiles, 
socio-economic survey and the characteristics of ecology, the Hainan Island is divided 
into 46 eco-zones, and then the main ecosystem types and services in each eco-zone 
















severity of damages to different ecosystem services by different ocean uses. The 
MEDC standard for each ocean use in each eco-zone in Hainan Island is calculated. 
The MEDC standard for land reclamation ranges from 91~2042 yuan/m2 and 46~1021 
yuan/m2 when the discount rate is 2% and 4%, respectively. This framework provides 
a low-cost and convenient way to implement MEDC, and is transferable to other 
locations. 
(5) The two frameworks established above are used separately in the estimation 
of MEDC standard for artificial island in Hainan. The differences of these two 
frameworks in procedures, results and applications are compared. Using the 
framework based on value estimation, the MEDC standards for Nanhai and Dongjiao 
Yelin artificial island are 212.20 million and 150.75 million Yuan with a discount rate 
of 2%, respectively. In contrast, using the framework based on the restoration cost, the 
MEDC standard for Nanhai artificial island are 316.58 million yuan, while the 
Dongjiao Yelin artificial island 39.46 million yuan. Each of these two frameworks has 
advantages and disadvantages. In pratice, an appropriate framework should be chosen 
according to the realities of sea-use project and restoration costs.  
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